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FEATURES 

• Single Chip Cache Subsystem for 486-ciass 
microprocessors 

• Look-aside Architecture 

• Write-back and Write-through Cache Opera¬ 
tions 

• 33/40 Mhz Operating Frequency 

• Zero Wait State Burst Mode (2-1-1-1) 

• Single 3.3V power supply 

• Low power consumption 

• Power-down mode. 

• 128K byte two-way-set associativity 

• Supports MESI protocol 

• Cascadable to 256K bytes 

• Enhanced Cascade Mode 

• Supports both 486 and linear burst modes 

• 160-pin PQFP 


DESCRIPTION 

The SONY Cache-1 M is a single chip cache sub¬ 
system designed to work with various 486-class 
microprocessors. The SONY Cache-1 M is 
designed specifically for mobile computing appli¬ 
cations with 3.3V operation and very low power 
consumption. It is designed utilizing SONY’S pro¬ 
prietary Memory-intensive ASIC (MASIC™) tech¬ 
nology. Using MASIC, the SONY Cache-1 M 
integrates 128K bytes of cache memory, tag ram 
and associated control logic on a single chip. As 
a look-aside secondary cache, this device can be 
designed onto a motherboard as a standard or 
an upgrade feature. Systems designed with the 
SONY Cache-1 M can be upgraded seamlessly 
to 256K bytes by cascading two SONY Cache- 
1M chips using the built-in Enhanced Cascade 
feature. The write back mode improves bus utili¬ 
zation and reduces power consumption of the 
system DRAM. High performance, high integra¬ 
tion, low power and 3.3V characteristics render 
this device ideal for mobile computing applica¬ 
tions 


SONY Cache-1 M BLOCK DIAGRAM 
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1 SONY Cache-1 M Pinout 
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Notes 


VCCO 

GNDO 


and VCCI should both be connected to the 3.3V power supply. VCCO is used for outputs and VCCI is used for internal and input buffers, 
and GNDI should both be connected to the ground reference. GNDO is used for outputs and GNDI is used for internal and input buffers. 


Figure 1.1. SONY Cache-1M Pin Assignment (160-pin PQFP) 

Top View 
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1.1 Table of Package Pin Numbers & Pin Names 


Pin# 

Name 

Pin# 

Name 

Pin# 

Name 

Pin# 

Name 

1 

(static) ID2 

41 

VCCI 

81 

VCCO 

121 

ADDR3 

2 

(static) ID1 

42 

(static) PRSN# 

82 

GNDO 
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43 

VCCO 

83 
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2 PIN LIST 


2.1 Address: 


ADDR[31:2] 

I/O 

Address pins shared by the CPU and the cache subsystem on the 
host bus. The address pins are normally inputs and are driven by the 
SONY Cache-1 M only during write-back cycles. 

BE#[3:0] 

I/O 

Byte enable. These signals allows individual bytes within a double- 
word to be written independently during write hit operations. They 
are ignored in read hit cycles because all fours bytes are transferred 
regardless of BE#. During read miss cycles, BE# is ignored if the 
miss cycle is not converted to line fill. If the miss cycle is converted 
to line fill, the system logic must return all four bytes with valid data 
regardless of BE#. The BE# signals are also used by the SONY 
Cache-1 M to decode flush special bus cycle driven by the CPU. 

All BE# signals are driven active(low) by the SONY Cache-1 M dur¬ 
ing write-back cycles. 


2.2 Data: 


DATA[31:0] 

I/O 

Data pins on the host bus. 

DP[3:0] 

I/O 

Data parity. One parity bit for each data byte. The SONY Cache-1 M 
does not perform parity check. These bits are read and written like 
other data bits. The parity bits are associated with each data byte in 
the following order: 

DATA[31:24] DP[3] 

DATA[23:16] DP[2] 

DATA[15:8] DP[1] 

DATA[7:0] DP[0] 


2.3 Control (input and I/O): 


ADS# 

I/O 

Address strobe. Should be connected to the ADS# signal of the 
CPU. Used by the CPU to indicate the beginning of an memory or 1/ 
0 cycle. During write-back operation, ADS# is driven by the SONY 
Cache-1 M to indicate the beginning of a write-back cycle. 

BLAST# 

I/O 

End-of-Burst indicator. Indicates the end of a burst cycle. This signal 
is normally driven by the CPU and is driven by the SONY Cache-1 M 
only during write-back cycles. 


October 1994 (Preliminary Information) 


Page 4 


A3fl23fi3 0007272 20T 












SONY® CXK78V4861BQ-33/40 


BRDYO# 

I/O 

Burst data ready. It is asserted during read hit to indicate that data is 
available to the CPU. It is also asserted during write hit to write back 
lines to indicate that the SONY Cache-1 M is ready to receive the 
next burst data. It can be connected externally with CBRDY# to form 
an 10 pin. When BRDYO# is not asserted, it is driven high for one 
cycle and then tri-stated. 

CASD[2:0] 

I/O 

These pins are reserved for communications between the SONY 
Cache-1 M chips when used in cascade mode. Currently only 
CASD[1] and CASD[0] are used. See section 4.11 for more detail. 

CBOFF# 

I/O 

(Previously called WBACK#) This signal is driven by the SONY 
Cache-1 M to indicate that it needs to acquire the host bus in order to 
start a write-back cycle. 

This pin is used as an I/O pin during cascade mode for inter-chip 
communication. The CBOFF# signals of the two cascaded chips 
must be connected together to form an output pin. 

In stand-alone and in cascade mode, this pin must not be driven by 
any external device even if the pin is not used. 

CBRDY# 

1 

Cache data burst ready. Generated by the system logic to indicate 
that data are available from the system memory and that burst mode 
transfer is used. This pin can be connected externally to BRDYO# to 
form an I/O pin that can be directly connected to the BRDY# input of 
the CPU. See section 4.1 for more detail. 

CLK 

■ 

System clock. Same as the 486 IX clock. 

CRDY# 

1 

Cache data ready. Terminates the current bus cycle and stops the 
burst transfer. CRDY# can be connected externally to RDYO# to 
form an I/O pin. See section 4.2 for more detail. 

CRDY# has precedence over CBRDY#. If both are asserted at the 
same cycle during a burst transfer, the burst transfer is terminated. 

CS# 

1 

Chip Select. This signal must be asserted with ADS# and EADS#; 
otherwise ADS# and EADS# are ignored. When the SONY Cache- 
1M is used in enhanced cascade mode, CS# must be tied low. 

D/C# 

I/O 

Data/Code select. This signal is used together with M/IO#, W/R# 
and BE#'s to decode special bus cycles for flush. In other memory 
accesses, this signal is ignored. This signal is driven high during 
SONY Cache-1 M generated write-back cycles. 
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EADS# 


External Address Strobe. The SONY Cache-1 M performs a snoop 
cycle when EADS# is active. The snoop address is sampled at the 
same time as EADS# is sampled low. If the snoop address hits a 
cache line that contains modified data, the cache line is written back 
to the system memory. 

EADS# can be asserted every other cycle. When the cache is oper¬ 
ated in write-back mode, EADS# should be asserted no faster than 
once every three cycles because the snooping device must interpret 
the snoop output (on CHITM#) before generating another EADS# 
cycle. EADS# is not allowed during data transfer and during write¬ 
back cycles. See section 3.4 for more detail. 

When EADS# is asserted at the same time as ADS#, it becomes a 
special case. See section 3.5 for more detail. 

ENABLE# 

1 

If this signal is inactive, the cache is in power down mode; otherwise 
the system is in normal operation mode. During power down, all 
external signals including RESET are ignored. 

FLUSH# 

1 

•At 

When FLUSH# is asserted, the SONY Cache-1 M sets an internal 
flag and then waits for a flush acknowledge cycle generated by the 
CPU or level one (LI) cache. When the flush acknowledge cycle is 
detected, the SONY Cache-1 M starts its flush sequence in the same 
way as a software flush operation. See section 3.6 on software flush 
for more detail. Flush acknowledge cycle is defined as any I/O cycle 
that follows after FLUSH# has been asserted. The ADS# assertion 
for the acknowledge cycle must be at less two cycles after the asser¬ 
tion of FLUSH# in order for the acknowledge cycle to be recognized. 

FLUSH# is double synchronized internally by the SONY Cache-1 M 
and the signal is edge sensitive. 

HUM# 


This signal should be driven by the LI cache to indicate snoop hit on 
modified data there. HITM# is sampled two cycles after EADS# is 
asserted. If it is active, the SONY Cache-1 M cancels its snoop write¬ 
back cycle and allows the LI cache to proceed with its own write¬ 
back. The SONY Cache-1 M also preserves its cache status until the 
write-back from the LI cache has taken placed. 

HITM# is also sampled during write cycles. If it is active, the SONY 
Cache-1 M assumes that the CPU is performing a snoop write-back. 

It updates the cache line and forces the cache line to write-through 
state after the write cycle is completed. If the previous snoop cycle 
was driven with INV active, the modified cache line within the SONY 
Cache-1 M is invalidated. 

INV 

1 

Snoop and invalidate. It is sampled at the same time as EADS#. If 
INV is active and the snoop address is hit, the cache line is invali¬ 
dated. If write back is required due to modified data, invalidation 
takes place after write-back is completed. If INV is inactive, the 
cache line is converted into write-through state. 
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LOCK# 

I/O 

The LOCK# signal is sampled at the same time as ADS# is asserted 
and it is qualified by the LOCKEN signal. If LOCK# is asserted, read 
miss will not trigger a line fill. If it is a read hit to clean data, the 
SONY Cache-1 M will not provide data. Instead the cycle will be 
treated as non-cacheable read miss. If it is a read hit to modified 
data, a special coordinate read cycle is created. The cache will sig¬ 
nal a read miss by asserting START# and then monitor the BRDY# 
input and at the same time drive the modified data on to the data 
bus. 

Locked write hit will always be treated as write to write-through lines 
and the cache line status is unchanged. 

The lock feature can be disabled by connecting LOCK# or LOCKEN 
to inactive. 

During write-back cycles generated by the SONY Cache-1 M, 
LOCK# is driven high. 

LOCKEN 

■ 

Lock enable. This signal qualifies the LOCK# input. See LOCK# def¬ 
inition for more detail. Systems not designed to handle coordinate 
read should have LOCKEN connected to logic zero. 

M/IO# 

I/O 

Memory and I/O selector. Memory is selected if this signal is high, 
otherwise I/O is selected. 

Only memory data can be cached. I/O access are not cacheable and 
I/O cycles are not paced. The M/IO# is also used for decoding flush 
special cycle and flush acknowledge cycles. 

M/IO# is driven high during SONY Cache-1 M generated write-back 
cycles. 

MODE[4:0] 


Operation mode selector. Selects between normal, cascade and test 
mode and between linear and 486 burst mode. 

MODE[4] = 0: 486 burst mode. 

MODE[4] = 1: Linear burst mode. 

Normal, enhanced cascade and test mode can be selected by 
MODE[3:0] independent of burst mode: 

MODE[3:0[ = 0000: normal mode. 

MODE[3:0] = 1100: enhanced cascade, chip 0. 

MODE[3:0] = 1101: enhanced cascade, chip 1. 

Other combinations: reserved. 

NC 


“No connect” pins. The NC pins should not be driven by any external 
logic. Some of the NC pins may be driven by the SONY Cache-1 M 
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PCD 

I/O 

Page Cache Disable. This signal is connected to the PCD output of 
the CPU. If PCD is active during line fill, the cache line is not cache- 
able in SONY Cache-1 M. PCD is ignored during read hit cycles. If it 
is active during write hit, the write cycle is handled by the SONY 
Cache-1 M like a write-through cycle, regardless of the cache line 
status. PCD is ignored during write miss. This signal is driven by the 
CPU and is sampled at the same time as ADS#. During write-back 
cycles initiated by the SONY Cache-1 M, PCD is driven inactive. 

PWT 

I/O 

Page Write-through. If PWT is active during line fill, the data is 
cached in as write-through, regardless of the status of the WB/WT# 
signal. A line fill is cached in as write-back only if PWT sampled low 
and WB/WT# sampled high. If PWT is active during write hit, the 
write cycle is treated as write-through regardless of cache line sta¬ 
tus. It is ignored in write miss cycles. 

PWT is driven by the CPU and is sampled at the same time as 
ADS#. During write-back cycles initiated by the SONY Cache-1 M, 
PWT is driven inactive. 

RESET 

■ 

Resets the SONY Cache-1 M to the initial state and invalidates all 
the tag entries. Modified data, if any, are not written back to system 
memory. 

ReserveO 

m 

These pins must be tied to a 10K ohm pull-down resistor. 

Reserve 1 

■ 

These pins must be tied to a 10K ohm pull-up resistor. 

SBOFF# 


The SBOFF# signal is driven active by the system when it need to 
back off both the CPU and the SONY Cache-1 M. The system should 
not back off the CPU and the SONY Cache-1 M if it is running a burst 
sequence after one or more data transfer has taken place. SBOFF# 
must also remain de-asserted once a snoop write-back or cast-out 
write-back operation has started. ADS# is ignored when SBOFF# is 
active. 

SKEN# 


Cacheability indicator. This signal is sampled by the SONY Cache- 
1M to determine if a line fill is cacheable. It is sampled twice during a 
line fill. It is first sampled during the clock cycles between ADS# and 
the first CBRDY#. It is sampled again one clock cycles before the 
last CBRDY# of the line fill. SKEN# must be active during both sam¬ 
pling point; otherwise the line fill is not cacheable. 

The system logic must assert the KEN# input to the CPU during read 
hit cycles so that read hit on the SONY Cache-1 M is cacheable to 
the LI cache. 


October 1994 (Preliminary Information) 


Page 8 


6362363 000727b =155 
















SONY® CXK78V4861BQ-33/40 


START# 

I/O 

Driven by the SONY Cache-1 M to start a memory access for read 
miss, write miss, or write-through cycles. When the access is initi¬ 
ated by the CPU, START# is asserted one cycle after ADS# if 
needed. When the access is initiated by the SONY Cache-1 M for 
write-back, START# is asserted at the same time as ADS# is 
asserted by the SONY Cache-1 M. 

START# is de-asserted (driven high) during reset cycles so that it 
can be used by the system to detect the present of the SONY 
Cache-1 M. 

W/R# 

I/O 

Read/Write select. High indicates a write cycle and low indicates a 
read cycle. It is driven high during a SONY Cache-1 M initiated write¬ 
back. 

WBA/VT# 

I/O 

WB and WT indicator. This signal is driven by the system memory 
during line fill to indicate the cache policy. It is also driven by the 
SONY Cache-1 M during read hit or write hit to write back lines to 
indicate the cache policy of the cache line. When SONY Cache-1 M 
releases this signal, it is first driven high for one cycle and then tri- 
stated. This signal is sampled at the same time as the first CBRDY#/ 
CRDY# of the line fill by the SONY Cache-1 M. If it is sampled low, 
the cache line is write-through (shared). 


2.4 Control (output): 


ACTIVE 

0 

This pin indicates if the chip is active or inactive state. It is used for 
trouble shooting only and should not be used by the system. 

CHITM# 

O 

Cache hit indicator. This signal indicates if a cache access hits a 
modified cache line in the SONY Cache-1 M cache. Specifically, it is 
asserted in the following cases: 

1. During read hit to modified data. 

2. During coordinate read cycles. 

3. During read miss cycles when cast-out is pending. 

4. Two cycles after EADS# if it is a hit to modified data. 

5. During snoop write-back cycles generated by the SONY Cache- 
1M. 

IDO, ID1, ID2 

0 

State output, IDO = ID1 = 1, ID2 = 0 

MTCH1, MTCH2 

0 

These signals are used for internal testing only and should not be 
used in the system. 

PRSN# 

0 

Static output, always low. 

RDYO# 

0 

Data ready. It is asserted at the last cycle of a read hit or write hit to 
write-back lines with BRDYO# to indicate that the burst sequence is 
completed. It can be connected externally with CRDY# to form an 1/ 

0 pin. When RDYO# is not asserted, it is driven high for one cycle 
and then tri-stated. 
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3 Functional Descriptions 

The SONY Cache-1 M is a second level cache subsystem designed for 486-class microprocessors. It inter¬ 
faces directly to the microprocessor in look-aside configuration. It monitors all memory cycles on the host 
bus to check for cache hit. If it is a hit, the SONY Cache-1 M handles, the data transfer directly with the 
CPU, resulting in zero wait transfer. If it is a cache miss and the conditions allow, a line fill will be performed 
when data returns from the system memory. Data can be stored in the cache as either write-back or write- 
through data. Snooping is supported to allow an external bus master to access memory data and maintain 
data consistency. 

The SONY Cache-1 M stays transparent on the host bus most of the time. It becomes a bus master only to 
write back modified data. Modified data write-back can be triggered under three conditions: 1) snoop hit on 
modifed data, 2) cast-out due to incoming line fill, and 3) flush. 


The following is a high level block diagram of the look-aside design. 



The following sections describes the cache function in detail. 
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3.1 Line fill, write hit and read hit 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
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WB 

WT 



line 

high 

line 

line 


' A thick signal line indicates that the signal is driven by the SONY Cache-1 M 
' BRDY# and RDY# are connected as shown in section 4.1 and 4.2. 

Figure 3.2. Line fill and hit cycles 


In the above diagram, a line fill is initiated by the 
CPU as memory read at cycle 1. The accessed 
data is not in the SONY Cache-1 M so it is a read 
miss. The SONY Cache-1 M samples SKEN# dur¬ 
ing the cycles between ADS# and the first BRDY# 
to determine if the line fill is cacheable. If the mem¬ 
ory read is cacheable, the SONY Cache-1 M moni¬ 
tors BRDY#/RDY# and stores the return data in its 
internal data ram. The line fill ends when the fourth 
BRDY#/RDY# is sampled. If the CPU terminates 
the line fill by asserting BLAST# before reading the 
last data, the SONY Cache-1 M would also abort its 
line fill. SKEN# is sampled again one cycle before 
the last BRDY#/RDY# to determine the cacheabil- 
ity of the line fill. 

In order for the cache line to be stored as a write¬ 
back line, the PWT signals must be low when 
ADS# is asserted and the WBAVT# signals must 
be high with the first BRDY#. If either one of these 


requirement is not met, the line is stored as a write- 
through line. 

When the CPU generates a write cycle, the SONY 
Cache-1 M checks to see if it is a write hit. If it is a 
write hit to a write through line, as indicated in cycle 
9, the SONY Cache-1 M asserts START# to acti¬ 
vate the system memory. When the system mem¬ 
ory returns BRDY# or RDY#, the SONY Cache-1 M 
updates its internal data ram and the cache line 
remains as write through. The above example 
shows a write through with one wait state. The 
SONY Cache-1 M can also handle write cycles with 
any number of wait states including zero wait state. 
With zero wait state, the BRDY# signal is asserted 
one cycle earlier than what is shown in the above 
example. 

in cycle 12, the write cycle generates a write hit to 
a write back line. The SONY Cache-1 M asserts 
BRDY# in the following cycle to complete the write 


October 1994 (Preliminary Information) 


Page 11 


6362363 0007273 bb4 












































SONY® CXK78V4861BQ-33/40 


cycle. The BLAST# signal indicates to the SONY 
Cache-1 M that only one doubleword is written by 
the CPU. If BLAST# is not asserted, the SONY 
Cache-1 M process the write cycle as a burst write 
and continue to write to the cache line until either 
four doublewords has been written or BLAST# is 
asserted, whichever occurs earlier. WBAATT# is 
driven high by the SONY Cache-1 M to indicate a 
write back hit. Write back hit cycle is always pro¬ 
cessed by the SONY Cache-1 M with zero wait 
state. 

In cycle 14, the write cycle also generates a write 
hit to a write-back line. But since PWT is driven 


high by the CPU, the SONY Cache-1 M process the 
write cycle as write through 

When the CPU reads from the memory, the SONY 
Cache-1 M looks up the address to determine if it is 
a read hit. If it is.a read hit, as indicated in cycle 17 
and cycle 19, the SONY Cache-1 M provides the 
read data, asserts BRDY#, and drives WB/WT# 
according to the write policy of the cache line. The 
read cycle is terminated when the CPU asserts 
BLAST# or after four doublewords has been 
returned by the SONY Cache-1 M, whichever 
occurs earlier. Read hit cycle is always processed 
by the SONY Cache-1 M with with zero wait state. 
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3.2 Line fill with cast out due to modified data 



When the CPU starts a cacheable line fill, the 
SONY Cache-1 M writes the new data into its inter¬ 
nal data ram. If the same entry in the data ram 
already contains modified data, the SONY Cache- 
1M must first cast out the modified line to the sys¬ 
tem memory before processing the line fill. When 
this condition is detected, the SONY Cache-1 M 
asserts CBOFF# as soon as cacheability can be 
determined. In the example shown in figure 3.3, 
CBOFF# is asserted at cycle 3 after SKEN# is 
sampled active at the end of cycle 2. 

CBOFF# should be connected to the CPU so that it 
aborts the read cycle and relinquish control of the 
host bus to the SONY Cache-1 M. The SONY 
Cache-1 M asserts ADS# and START# in cycle 6 to 
start the cast out cycle. It samples BRDY# and 


RDY# to determine when the write data is 
accepted by the system memory. BLAST# is 
asserted when the last doubleword is cast out to 
the system memory. 

Non-burst write-back is also allowed if the system 
memory asserts RDY# instead of BRDY# to termi¬ 
nate each data transfer. In order to avoid ambigu¬ 
ous burst sequence, the system memory should 
not switch between burst and non-burst write-back 
within one cache line. 

CBOFF# is de-asserted after the cast out is com¬ 
pleted. Upon seeing CBOFF# becomes inactive, 
the CPU re-issues the memory read. Since the 
modified cache line is already cast out, the line fill 
proceeds normally. 
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3.3 Coordinate read 



Coordinate read occurs only during locked read hit in coordinate read, since the SONY Cache-1 M 

cycle to modified data with LOCKEN active. The contains the most up-to-date data it drives the 

coordinate read cycle should be used with chipsets data output starting at the cycle immediately after 

that are specifically designed for the purpose. ADS#. However, it does not drive the BRDY#/ 

When the SONY Cache-1 M is used with other rdy# output as in regular read hit cycles The 

chipsets, the LOCKEN pin should be connected to BRDY#/RDY# pins are driven by the system logic 

logic zero (inactive) to disable coordinate read. when BRDY#/RDY# is asserted with BLAST# 

When LOCKEN is inactive, the LOCK# input is active, the cycle is completed, 

ignored. 
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3.4 EADS cycle 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

CLK RJi^^LrLnrLn^m_ru^T_ri_n_n 


BLAST* 


SKEN# 


START# 


WB/WT# 


CBOFF# 


CHITM# 


EADS# 


Snoop cycle Write back started by the 
SONY Cache-1M 

* A thick signal line indicates that the signal is driven by the SONY Cache-1 M 

* BRDY# and RDY# are connected as shown in section 4.1 and 4.2. 


Figure 3.5. EADS cycle 


The SONY Cache-1 M supports EADS# snoop in 
back off cycles and in normal cycles when the 
SONY Cache-1 M is not processing a burst opera¬ 
tion. Figure 3.5 shows the timing of a snoop cycle. 
When EADS# is sampled active, the SONY Cache- 
1M looks up the address to determine if it is a hit 
and if the cache line contains modified data. If it is 
a snoop miss, the SONY Cache-1 M would not take 
any action. If it is a snoop hit, the way it is handled 
is determined by the state of INV pin when EADS# 
is sampled and by whether the cache line contains 
modified data. 

If the cache line contains modified data, the SONY 
Cache-1 M will write-back the entire cache line to 
the system memory. The SONY Cache-1 M indi¬ 
cates a write-back cycle by asserting both CHITM# 
and CBOFF# in cycle 4. The SONY Cache-1 M 


samples HITM# at the end of the same cycle. 
HITM# is driven by the CPU to indicate modified 
cache line hit in the LI cache. If it is active, the 
SONY Cache-1 M aborts the write-back immedi¬ 
ately because the CPU contains the most updated 
data of the cache line. The CPU will perform a 
write-back cycle and keeps HITM# asserted until 
the write-back is completed. The SONY Cache-1 M 
monitors the write-back cycle like all other ADS# 
cycles and updates the cache line during the write¬ 
back cycle. 

If HITM# is sampled inactive, the write-back cycle 
is continued by the SONY Cache-1 M. It becomes 
the bus master at cycle 5 and asserts ADS# and 
START# and other control signals to indicate a 
memory write cycle. All four doubleword of the 
cache line are written back to the system memory. 
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CBOFF# and CHITM# are de-asserted when write¬ 
back is completed. 

Similar to CPU write cycles, the system memory 
can insert wait states by de-asserting BRDY#/ 
RDY# during the burst transfer. Non-burst write¬ 
back is also allowed if the system memory asserts 
RDY# instead of BRDY# to terminate each data 
transfer. In order to avoid ambiguous burst 
sequence, the system memory should not switch 
between burst and non-burst write-back within one 
cache line. 

The status of the cache line is updated after the 
write-back cycle. If INV is active, the cache line is 
invalidated after the write-back is completed by 
either the CPU or the SONY Cache-1 M. If INV is 
not active, the cache line is changed to write- 
through. 

EADS# is sampled by the SONY Cache-1 M except 
during the following conditions when EADS# must 
remain de-asserted: 

1) Between and during the first and last BRDY# of 
any burst transfer. 

2) One cycle immediately after EADS# is asserted. 

3) When there is a write-back in progress or pend¬ 
ing in the SONY Cache-1 M due to snoop hit or 
cast-out. 

4) During flush sequence unless flush is inter¬ 
rupted by SBOFF#. 


3.5 EADS# and ADS# at the same time 

Snoop and regular memory access normally does 
not start at the same cycle. It is considered a spe¬ 
cial case when both accesses are started at the 
same cycle by an external master. When EADS# 
and ADS# are asserted at the same time and the 
following rules are followed by the SONY Cache- 
1M. 

1. If SBOFF# is asserted, ADS# is always ignored 
and the snoop cycle is processed. 

2. If SBOFF# is not asserted and the ADS# access 
is for memory read, EADS# is ignored. 

3. If SBOFF# is not asserted and the ADS# access 
is for memory write and it is a write hit to a write- 
through line, both the ADS# and EADS# cycles 
are processed in parallel. In other words, if INV 
is active, the write-hit line is invalidated in paral¬ 
lel to the write operation. If INV is not active, the 
write hit operation continues while the EADS# 
operation does not modify the cache status. 

4. If SBOFF# is not asserted and the ADS# access 
is for memory write other than write-through hit, 
the snoop operation is ignored. 
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3.6 Software Flush cycle 


1 

clk n_ 

ADS# j_ 
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Special cycle dec 

* A thick signal line indicates that the signal is c 

* BRDY# and RDY# are connected as shown ii 

Figur 

oded from BE# and other pins 

Iriven by the SONY Cache-1 M 
section 4.1 and 4.2. 

e 3.6. Software FLUSH cycle 


The SONY Cache-1 M decodes the flush special 
bus cycle. The flush special bus cycle is identified 
by BE#[3:0] = 1101, D/C# = 0, M/IO# = 0, W/R# = 
1, and ADDR[2] = 0. The SONY Cache-1 M asserts 
CBOFF# as soon as the flush cycle is detected. It 
then wait until the system logic returns either the 
RDY# or BRDY# signals. The SONY Cache-1 M 
then sequences through its internal tag ram looking 
for modified data. It writes back each modified 
cache line by initiating a burst write sequence. 
Each cache line requires two clock cycles to verify 
and the cache entry is invalidated regardless 
whether write back is required. 


flush write back sequence if it has not created any 
modified cache line since the last reset or flush, but 
the internal cache line is always flushed. 

When CBOFF# is removed, the CPU re-issues the 
flush cycle again. Since the cache is now clean, 
the flush cycle is not backed-off and terminates 
normally. 


After all the cache lines has been verified or written 
back, CBOFF# is de-asserted to return to normal 
state. The SONY Cache-1 M does not start the 
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3.7 Hardware Flush 


The flush cycle listed in previous section can also 
be triggered by the hardware FLUSH# input. The 
falling edge of the FLUSH# input, when sampled 
by the clock, sets an internal flag in the SONY 
Cache-1 M. Once the internal flag is set, the next 
I/O access generated by ADS# will trigger the flush 
write back operation in exactly the same way as a 
software flush. It is required that the FLUSH# and 
ADS# signals must be separated by at least two 
clock cycles. Memory access between the 
FLUSH# and the I/O access is also allowed. 



October 1994 (Preliminary Information) 


Page 18 


6362383 00072flb 6T4 












SONY® 


CXK78V4861BQ-33/40 


3.8 Interrupted Flush 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


BLAST# 


BRDY# 


START# 


WB/WT# 


CBOFF# 


CHITM# 


SBOFF# 


EADS# 


* A thick signal line indicates that the signal is driven by the SONY Cache-1M 

* BRDY# and RDY# are connected as shown in section 4.1 and 4.2. 


Figure 3.8. Interrupted FLUSH cycle 


Flush write-back is a very long process since a tag 
look-up must be performed on each tag entry. The 
look-up itself takes 8192 clock cycles and write¬ 
back of modified data takes additional cycles. The 
flush write-back sequence can be interrupted by 
SBOFF# to perform snoop cycles. Other opera¬ 
tions are not allowed during flush write-back. 

When a snoop operation is needed, SBOFF# must 
be asserted first to abort the flush write-back cycle. 
In the above example, SBOFF# is asserted at 
cycle 2 and the SONY Cache-1 M is backed-off 
immediately. EADS# can then be asserted to start 
the snoop cycle. If the snoop operation hits modi¬ 
fied data in either LI or L2 cache, the normal 
snoop write-back sequence is allowed, including 
snoop write-back started by LI cache. 


In the above example, the snoop hits modified data 
in the SONY Cache-1 M so a snoop write-back 
sequence is started. When the snoop write-back is 
completed, both CBOFF# and SBOFF# are de- 
asserted so the CPU re-started the flush operation 
because the original flush special cycle or the I/O 
cycle that triggered the flush operation was 
backed-off by the SONY Cache-1 M. When flush is 
re-started, the SONY Cache-1 M continue the tag 
look-up from its current location. 
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3.9 Flush in cascade mode 3.10 Power management 

When two SONY Cache-1 M are configurated in The Sony Cache-1 M is designed for low power 

cascade mode, the hardware or software flush is consumption. Static CMOS design technique is 

detected by both SONY Cache-1 M at the same used throughout the memory and control blocks of 

time. If only one chip contains modified data since the chip to minimize power consumption. The sys- 

the last flush, that chip will start the flush sequence tern clock can be slowed down to any frequency or 

while the other one becomes inactive. If both chips even completely stopped to conserve power with- 

contain modified data, the two chips coordinate out suffering data loss. Further more, power con- 

between themselves through the CASD pins to sumption is tied directly to the activity level of the 

make sure that only one chip is actually running the system. If memory activity is reduced due to vari- 

flush sequence while the second chip goes into the ous reasons such as CPU internal cache hit or sys- 

inactive state. tern halt, the power consumption of the Sony 

When the first chip finishes flushing, it de-asserts Cache-1 M is also reduced automatically, even with 

the CBOFF# signal. The BOFF# input of the CPU the clock runnin 9 a ful| y frequency, 

is derived from the CBOFF# signal of the SONY As a result of the SONY Cache-1 M low power 

Cache-1 M (see section 4.6) so the CPU, seeing design, systems using this cache chip benefit from 

BOFF# is de-asserted, re-issues the flush cycle the power saving whenever system activity is 

again. At this time the second chip will start the reduced, regardless of how the system chipset 

flush sequence while the first chip becomes in reduce bus activity. No special decode of the stop 

active - clock or stop grant bus state is required. 

In addition, a special power down mode is also pro- 
, vided to reduce power consumption to the absolute 

minimum. The following diagram shows the rela- 
1 tionship between power consumption are other 

parameters. 



Figure 3.9. Power consumption characteristic 
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3.11 Power down mode 

Power-down mode is designed to reduce power 
consumption to the absolute minimum. It is con¬ 
trolled by the ENABLE# input signal. During normal 
operation, ENABLE# must be asserted (low). If 
ENABLE# is de-asserted, the SONY Cache-1 M will 
enter power down mode in four cycles. During 
power down, the SONY Cache-1 M does not 
respond to any external inputs, including RESET, 
but the internal RAM data is preserved. Most of the 
internal blocks, including the clock buffer, are shut 
down to conserve power. The SONY Cache-1 M 
returns to normal operation mode two cycles after 
ENABLE# is re-asserted. 
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3.12 Reset and idle states 

* 

The following table lists the states of all I/O and 
output pins during reset, idle and power_down. 
The chip enters reset state one cycle after RESET 
pin is asserted. It enters power_down state four 
cycles after ENABLE# is de-asserted. Idle state is 
defined as the cycles when there is no active mem¬ 
ory or snoop cycles on the bus. 


Pin Name 

Type 

Reset / Idle / 
Power down 

Notes 

ACTIVE 

O 

- 

1 

ADDR[31:2] 

I/O 

high Z 


ADS# 

I/O 

high Z 


BE#[3:0] 

I/O 

high Z 


BLAST# 

I/O 

high Z 


BRDYO# 

I/O 

high Z 


CASD[2:0] 

I/O 

- 

2 

CHITM# 

I/O 

1 


D/C# 

I/O 

high Z 


DATA[31:0] 

I/O 

high Z 


DP[3:0] 

I/O 

high Z 



Pin Name 

Type 

Reset / Idle / 
Power down 

Notes 

M/IO# 

I/O 

high Z 


MTCH1/2 

0 

- 

3 

PCD 

I/O 

high Z 


PRSN# 

0 

0 


PWT 

I/O 

high Z 


RDYO# 

0 

high Z 


START# 

I/O 

1 


W/R# 

I/O 

high Z 


WB/WT# 

I/O 

high Z 


CBOFF# 

I/O 

1 



Notes 

1. Equals zero only in cascade mode after the chip has been de-selected by a previous instruction. Otherwise equals 
one. This pin is used for internal testing and should not be used by any external device. 

2. CASD signals varies between zero, one or high Z depends on the internal state of the cache and whether cascade 
mode is asserted. These pins should be used between the SONY Cache chips during cascade mode and should 
not be sampled by any external device. 

3. MTCH1/2 varies between zero or one depends on reset or power_down mode. These signals should not be used by 
any external device. 
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4 I/O Signals Generation 

This section describes most of the control signals in typical system configurations. 


BRDY# 

- 


BRDY# 

CPU 



System 




BRDYO# 



CBRDY# 

◄- 



SONY Cache-IM 


Figure 4.1. BRDYO# and CBRDY# 


4.1 CBRDY# and BRYO# 

The CBRDY# and BRDYO# pins of the SONY 
Cache-I M should be connected together externally 
to form an I/O pin. This pair of I/O pin should be 
wired-OR with the BRDY# pin driven by the system 
memory. The BRDYO# output of the SONY Cache- 
1M is normally tri-stated. During read hit and write 
hit to write back lines, the SONY Cache-IM drives 
this signal low to indicate a hit cycle. At the end of 
the hit cycle, this signal is driven high for one cycle 
and then tri-stated. The system logic should tri¬ 
state its BRDY# output when it is driven by the 
SONY Cache-IM cycles. In read miss and write- 
through cycles, the SONY Cache-IM samples 
CBRDY# at the same time as the CPU samples 
BRDY#. 

4.2 CRDY# and RDYO# 

The CRDY# and RDYO# pins of the SONY Cache- 
1M should be connected together externally to 
form an I/O pin in the same way CBRDY# and 


BRDYO# are connected together. These signals 
are used to indicate non-burst ready for external 
access cycles. 

4.3 START# 

START# is used by the SONY Cache-IM to signal 
any cycle that requires services from the system 
memory. These cycles are read miss, write miss 
and write through cycles. The system memory con¬ 
troller can monitor this signal instead of the ADS# 
signal from the CPU to activate the system mem¬ 
ory. The system logic should still monitor the ADS# 
signal from the CPU to detect I/O cycles. 

4.4 SKEN# 

The signal is driven by the system logic and sam¬ 
pled by both the CPU and the SONY Cache-1 M to 
determine cacheability of any read data. The sys¬ 
tem logic should drive this signal low during read 
hit cycles so that read hit in the SONY Cache-1 M 
become cacheable in the CPU’s internal cache. 


KEN# 

◄- 


KEN# 

CPU 




SKEN// 

- 


System 


SONY Cache-IM 


Figure 4.2. SKEN# and KEN# 
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4.5 CS# 


The Chip Select signal should be tied low (active) 
during normal operation. If CS# is driven high, the 
SONY Cache-1 M does not responds to any mem¬ 
ory access or snoop cycle. 

4.6 CBOFF and SBOFF# 

CBOFF# is driven by the SONY Cache-1 M when it 
needs to control the host bus to write-back a cache 
line. Write-back is required when a snoop or flush 
cycle hits a modified cache line or data eviction is 
needed before a line fill. If the system logic also 
needs to back-off the CPU, it should drives the 
SBOFF# input to indicate to the SONY Cache-1 M 
that the CPU is back-off. The CBOFF# and 
SBOFF# signals should be combined together 
externally to form the BOFF# input to the CPU. 

4.7 HITM# 

This is an input signal designed to used with CPU 
that contains internal write-back cache. Since the 
486 has write-through internal cache, this signal 
should be tied high at all time. 

4.8 CHITM# 

The CHITM# signal is driven active by the SONY 
Cache-1 M to indicate that a snoop cycle hits a 
modified cache line. It should be sampled by the 
system logic two cycles after EADS# is asserted. 


through. Regardless of INV, the snooped cache 
line is always written-back to the system memory if 
it contains modified data. 

4.10 MODE[4:0] 

The mode pins are used to select between 486 
burst and linear burst mode and to select between 
cascade or stand-alone mode. 

486 Burst sequence: MODE[4] = 0 

Linear Burst sequence: MODE[4] = 1 

The cascade mode allows two SONY Cache-1 M 
chips to work together to provide 256K bytes of 
cache memory. Stand-alone mode requires only 
one SONY Cache-1 M chip and it provides 128K 
bytes of cache memory. In cascade mode, the 
mode pins of one of the SONY Cache-1 M chip 
should be set to 

MODE[3:0] = 1100 

while the second SONY Cache-1 M chip should 
have the mode pins set to 

MODE[3:0] = 1101 

In stand-alone mode, the mode pins should be set 
to 

MODE[3:0] = 0000 
All other combinations are reserved. 


4.9 INV 

The INV input controls the type of snoop cycle to 
be performed. It is sampled at the same time as 
EADS#. If it is active (high) and the snoop cycle is 
hit, the cache line will be invalidated. If INV is low, 
the snooped cache line will be changed to write- 
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CASD[1 ] 


CASD[1] 


CASD[0] 

CASD[0] 


SONY Cache-1M 


SONY Cache-IM 


Figure 4.4. CASD signals 


4.11 CASD[1:0] 

The CASD pins are used for communication 
between the SONY Cache-1 M chips during cas¬ 
cade mode. They should be connected together as 
shown in Figure 4.4. When the SONY Cache-1 M is 
operating in stand-alone mode, the CASD[1:0] pins 
should be left unconnected. 

4.12 Signals in Cascade Mode 

When two SONY Cache-1 M chips connected 
together in Cascade Mode to form a 256K cache 
subsystem, most of the pins are connected in par¬ 
allel to both SONY Cache-1 M chips. From the sys¬ 
tem hardware’s point of view, the two chip 


subsystem has the same interface as a single 
SONY Cache-1 M chip. The MODE pins connected 
to both SONY Cache-1 M chip should indicate Cas¬ 
cade Mode and one of the chip is designated as 
chipl while the other is designated as chipO. The 
static output and the debug outputs, PRSN#, 
CASD[2] and ACTIVE, should not be connected. 
The CASD[1] and CASD[0] pins should be con¬ 
nected between the SONY Cache-1 M chips. These 
pins are used for inter-chip communication and are 
not used by the system logic. 


DATA, DP, START#, EADS#, RESET, BRDYO#, 
RDYO#, CBRDY#, CRDY#, WB/WT#, CBOFF#, 
CHITM#, MTCH1, MTCH2 


01101 — 

MODE[4:0] ( 

;asd[i] 

NC— 

ACTIVE CASD[0] 

NC— 

PRSN# 


NC— 

CASDJ2] 



SONY Cache-IM 


(chipl) 


CASDfl] 

MODE[4:0] 

CASD[0] 

ACTIVE 



PRSN# 


CASD[2] 

SONY Cache-IM 


-01100 


-NC 


(chipO) 


CLK, ADDR, BE#, ADS#, CS#, ENABLE#, D/C# 
M/IO#, W/R#, PCD, PWT, SBOFF#, INV, HITM#, 
SKEN#, BLAST# 


Figure 4.5. Two SONY Cache-1 M chips connected in Cascade Mode 
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5 Electrical Characteristics 

5.1 Maximum Ratings 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vcc 

-0.5 to +4.6 

V 

Input Voltage 

VlN 

-0.5 to Vcc+0.5 

V 

Junction (Operating) Temperature 

Tj 

0 to+125 

°c 

Ambient (Operating) Temperature 

Topr 

0 to +70 

°c 

Storage Temperature * 

Tstg 

-65 to +150 

°c 


5.2 D.C. Characteristics 


Item 

Symbol 

Min 

Max 

Unit 

Supply Voltage 

Vcc 

3.135 

3.465 

V 

Input low voltage 

VlL 

-0.3 

+0.8 

V 

Input high voltage 

VlH 

2.0 

Vcc+ 0.3 

V 

Output low voltage @4.5mA 

VOL 


0.4 

V 

Output high voltage 1.0mA 

VOH 

2.4 


V 

Input leakage current 

Ili 

-1 

1 

JllA 

Output leakage current; 

Ilo 

-1 

1 

J4A 

Supply current 

.. .. . * 

See Section 5.3 

Power down current 

^ccpd 


2 

mA 

Capacitance: CQFP 

c 

Mn 




Clock pin 



6 

pF 

Other input pins 



6 

pF 

Output pins 



6 

pF 

I/O pins 



6 

pF 
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5.3 Power Consumption 

Power Consumption of the SONY Cache-1 M is characterized in terms of internal power and external (I/O 
buffer) power. Internal power is consumed by the SONY Cache-1 M internal core, input buffer, and the input 
section of any I/O buffer. Externa! power is dissipated by the intrinsic pin capacitance and the external out¬ 
put capacitance loading and is drawn through the last stage of the output buffer. Internal power is supplied 
through the VCCI pins while external power is supplied through the VCCO pins. 

Internal power consumption table 


Parameter 

Activity Level 

Internal Power Consumption at Different Frequencies 

40Mhz 

33Mhz 

8Mhz 

4Mhz 

OMhz 

Pi 

100% 

680mW 

560mW 

140mW 

70mW 

6mW 

P 2 

50% 

370mW 

305mW 

75mW 

40mW 

6mW 

P 3 

0% (idle) 

50mW 

40mW 

15mW 

lOmW 

6mW 

Ppd 

Power down mode 

6mW 

6mW 

6mW 

6mW 

6mW 


Internal power consumption is highly dependent on operating frequency and activity level of the SONY 
Cache-1 M. Operating frequency is the frequency of the clock input pin. Activity level is defined as the worst 
case of any read, write, write-back or snoop cycles. 100% active level implies that the SONY Cache-1 M is 
constantly running the worst case power consumption cycle even though the device may not be subjected 
to such operation cycles in actual application. 50% active level implies that on the average the SONY 
Cache-1 M is running the worst cycle half of the time (clock cycle) and idle for the rest of the time. 

I/O buffer power consumption table 


Output Capacitance 
(including C m ) 

External Power Consumption at Different Frequencies 

40Mhz 

33Mhz 

8Mhz 

4Mhz 

OMhz 

30pF 

275mW 

225mW 

54mW 

27mW 

OmW 

20pF 

182mW 

150mW 

36mW 

18mW 

OmW 


I/O buffer power consumption is measured at continuous burst read hit with half of the data output chanqe 
state each burst cycle. 
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5.4 A.C. Characteristics 


Symbol 

Parameter 

40MHz 

33MHz 

Fig 

Min 

(ns) 

Max 

(ns) 

Min 

(ns) 

Max 

(ns) 

ti 

CLK Period 

25 


30 


5.1 

h 

CLK High Time 

8 


11 


5.1 

h 

CLK Low Time 

8 


11 


5.1 

k 

CLK Fall Time 


3 


3 

5.1 

k 

CLK Rise Time 


3 


3 

5.1 

^6a 

ADDR, BE0#-BE3# Setup 

6 


6 


5.2 

t<5b 

ADDR, BE0#-BE3# Hold 

2 


2 


5.2 

l 7a 

ADS#, M/IO#, W/R#, D/ 
C#, PCD, PWT, LOCK# 
LOCKEN Setup 

8 


10 


5.2 

l 7b 

ADS#, M/IO#, W/R#, D/ 
C#, PCD, PWT, LOCK#, 
LOCKEN Hold 

2 


2 


5.2 

l 8a 

RESET Setup 

6 


6 


5.2 


RESET Hold 

2 


2 


5.2 

*9a 

BLAST# Setup 

7 


7 


5.2 

^9b 

BLAST# Hold 

2 


2 


5.2 

tlOa 

CRDY#, CBRDY# Setup 

5.5 


5.5 


5.2 

tlOb 

CRDY#, CBRDY# Hold 

2 


2 


5.2 

tlla 

SKEN#, INV Setup 

5 


5 


5.2 

^lb 

SKEN#, INV Hold 

2 


2 


5.2 

h2a 

DATA, DP0-DP3 Setup 

5 


5 


5.2 

t^b 

DATA, DP0-DP3 Hold 

2 


2 


5.2 

l 13a 

WB/WT# Setup 

5 


5 


5.2 

l 13b 

WB/WT# Hold 

2 


2 


5.2 

tWa 

SBOFF# ENABLE# Setup 

7 


7 


5.2 

l 14b 

SBOFF#, ENABLE# Hold 

2 


2 


5.2 

tiSa 

EADS#, FLUSH# Setup 

5 


5 


5.2 

l 15b 

EADS#, FLUSH# Hold 

2 


2 


5.2 

^16a 

HITM# setup 

7 


8 


5.2 


October 1994 (Preliminary Information) 


Page 28 


63A2363 □0072 c lb 743 




















































































SONY® 


CXK78V4861BQ-33/40 


Symbol 


Parameter 
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float delay 



•y ^6b7b,8b,9b,10b,11 b,12b,13b,14b,15b,16b,17b 

Figure 5.2. Setup and Hold Timings 
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480Q 


Output Load 


5pF 


2 55Q. 


' Transition is measured ±200mV from steady voltage with specified loadina 
Float delay is not tested. 


Figure 5.5. Output Load for Float Delay 
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